The Accessibility Buffer – A Basic GIS Tool in Determining the Competitive Potential Index  by Cojanu, Valentin et al.
 Procedia Environmental Sciences  14 ( 2012 )  237 – 246 
1878-0296 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of University of Bucharest , Faculty of Geography, 
Department of Regional Geography and Environment, Centre for Environmental Research and Impact Studies.
doi: 10.1016/j.proenv.2012.03.023 
 
Landscape, Environment, European Identity, 4-6 November, 2011, Bucharest 
 
The accessibility buffer  a basic GIS tool in determining the 
Competitive Potential Index 
 
Valentin Cojanua, Robert Dobreb* -Stupariuc  
 
a Faculty of International Economics and Business, Bucharest University  of Economic Studies, Bucharest, 010374, Romania 
bFaculty of Geography, University of Bucharest, Bucharest, 010041, Romania 
cTransdisciplinary Research Center Landscape - Territory - Information Systems, University of Bucharest, Faculty of Geography, 
 
 
Abstract 
The study aims at highlighting accessibility both as a crucial component in establishing the Competitive Potential 
Index (CPI) and as a good indicator for the capitalization of the regional potential of Romania. The present research 
contributes to the discussion about the competitive potential of economic growth at territorial level and attempts to 
identify policy guidelines of regional relevance for a national economy. We performed a spatial analysis of the most 
important Romanian growth centers and compared it to other centers of the same rank in the nearby European space. 
Spatial analysis can play a decisive role in defining the areas with economic potential. We have demonstrated that 
national or metropolitan growth poles are directly influenced by the degree of accessibility and therefore it is obvious 
that there is a direct relationship between the capitalization of economic potential and the density of transport 
infrastructure. The defining of various accessibility areas was done by taking into account the presence of modern 
transportation routes and the influence of topography. GIS applications proved to be extremely useful in the 
delimitation of accessibility areas and, in addition, they provided very accurate results. The areas lying at a distance 
in time of less than or equal to one hour from the core of the growth pole, irrespective of the land transportation 
means, were included in the category of highly accessible areas. At the same time, one can note that on the national 
scale the values of CPI are different. This fact can be explained by an uneven capitalization of the economic 
potential, which can be put to the account of an unequal development of the transport infrastructure in Romania. In 
order to get a clear picture of the relationship between CPI and accessibility in the case of Bucharest, which is the 
main growth pole of Romania, we made comparisons with two metropolis of the same development rank lying 
nearby (Budapest and Sofia). The employed methodology can also be used for identifying the areas that can be turned 
to economic account provided that the local and regional transport infrastructures are developed or modernized.  
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1. Introduction 
Competitiveness and Accessibility are two different concepts referring especially to the balanced 
development of the regions. They suggest that urban areas and their outskirts should be considered 
together when designing development programs [1]. This paper intends to emphasize that competitive 
development of a region cannot be achieved without a good connectivity between the settlements in the 
area, as shown by policentricity theory tackled by ESPON [2]. Likewise, we suggest that a judicious 
assessment of a territory must necessarily rely on the Competitive Potential Index (CPI).  
The competitiveness concept is the key issue on the working agenda of world's most advanced 
economies. It concerns the competitive potential of economic growth, a subject which is acquiring 
identity in the economic policy research and recommendations. Evaluating this potential involves 
indicating the growth conditions leading to self-sustaining competitive advantages and material wealth of 
a society [3].  
The competitiveness policy in Romania is the effect of largely uncoordinated efforts to implement 
policy measures in regard to national priorities and to the obligations resulting from the status of EU 
member. Several governmental documents lay out this general framework, such as the National 
Development Plan [4]; the National Strategic Reference Framework [5]; the National Reform Plan 2007-
2010 [6]; the National Sustainable Development Strategy [7]; the National Export Strategy [8]; the 
National Research, Development and Innovation Strategy 2007-2013 [9]; and the Strategic Concept of 
Territorial Development-Romania 2030 [10]. Romania ranks the 64th of 133 countries, between the 
Russian Federation and Uruguay, in the Global Competitiveness Index 2009-2010, 55th of 183 countries, 
Doing Business 2010, 63rd of 182, between Saint Kitts and 
Nevis and Trinidad Tobago in PNUD Human Development Index 2009 [11]. 
The Competitive Potential Index (CPI) is an aggregate measure of two derived indicators (GDP per 
capita and Exports/employed population) and a composite indicator (the Technological Development 
Index) using data from regional statistics at NUTS 3 level.  
The outcome of this study emphasizes both qualitative and quantitative aspects related to the hierarchy 
and profile of the development regions. This methodology contributes to establishing a national/regional 
system of evaluating the competitive potential, at regional level, and a better comparative framework in 
regard to the European areas of growth [12]. Areas of maximum accessibility were considered those 
territories lying at a distance in time of less than or equal to one hour from the core of the development 
growth pole, irrespective of the land transportation means.  
2. Methodology  
2.1. Study area 
The investigations were undertaken at national level, at county level and at the level of the 
development regions. Special attention was given to Bucharest City, which was considered a case study 
and was analyzed by comparing it to other European capitals of the same rank. The analysis based on the 
CPI focused on the Romanian territory, but it also took into account two other big European cities. In the 
first case, we selected the most important growth poles of Romania (Timisoara, Cluj-Napoca, Brasov, 
Craiova, Iasi, Ploiesti, Constanta and Bucharest), which have a high competitive potential, in order to 
highlight the shape and size of the areas that are influenced by the central place cities. The second part of 
the analysis made a comparison between Bucharest, on the one hand, and Budapest and Sofia, on the 
other hand, all having the same economic rank.   
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2.2. The Competitive Potential Index  
This composite index shapes more accurately some economic aspects related to diagnosing and 
measuring the economic performance of a territory, participating to deciphering complex polycentric 
systems. Moreover, by the spatial representation of this index, we can delimitate regions with poorly 
exploited development potential. To achieve cartographic representations and spatial analysis were used 
Open Source GIS software (Map Analyst) and ESRI, ArcGIS version 9.3. 
2.3. Accessibility  
Accessibility is an essential component in the capitalization of the economic potential of a region. 
From this reason, we investigated the ease with which employees get to their jobs, the circulation of raw 
materials and the flows of finite products from industrial sites to the population, which are elements that 
are taken into account by the investors, and especially the European ones, when they decide to start a 
business. The lack of a modern, rapid and efficient outer Carpathian transport infrastructure linking 
Western Europe to Moldova is definitely one of the reasons that are responsible for the different 
development rates between the western and eastern regions of Romania. The presence of a 
would have attracted foreign economic investments. The type and density of the transport infrastructure 
are two important characteristics that can boost the regional economies. Thus, the area of influence of a 
regional pole is even greater as the rank of transport infrastructure (express roads or highways) and the 
density of transportation routes are higher. The presence of some modern railways (double or electrified) 
is another element that can facilitate the flow of people or commodities from one place to another. Thus, 
one can note a direct relationship between the development of some transport route and the better 
economic capitalization of a certain hinterland. In order to represent the area with high accessibility of 
each growth pole we relied on the distance measured away from its core, which can be covered in one 
hour using any kind of land transportation.  
 
Table 1 - The relationship between average speed and type of transport infrastructure 
 
Road type Maximum speed (km/h) Km covered in one hour Relief influence 
Motorway (A) 130 110 NO 
European Road (E) 100 80 YES 
National Road (DN) 90 70 YES 
County Road (DJ) 90 50 YES 
 
The shape of the accessible area in the specified interval of time is directly influenced by the type and 
density of the transport infrastructure, but also by the existence of some restrictive factors, of which 
topography is the most important. Therefore, we found and demonstrated that the areas of the highly 
accessible territories lying in the mountains and hills are smaller for the same type of transport 
infrastructure (national, county or express roads) in comparison with the territories lying in the plain. 
However, if we consider the highways, the influence of topography in defining the highly accessible areas 
is either absent or weak, inasmuch as in a single hour one can travel about 110 km (Tabe 1).  
The coverage area type is determined by transport infrastructure and relief configuration. The types of 
infrastructure analysed are highways, national roads, and county roads.  
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Speed highway traffic is not influenced by the relief configuration, but speed restrictions may occur 
through engineering works (restriction of 100 km/h in tunnels or on viaducts). 
The relief comes in during the road trip by subtracting the average traffic speed to 50 km/h due to 
gradients and small radius curves. Example: a declivity of 10 to 15% or radii under 25m - 
Example of relief influence for a national road (DN 73A located in Brasov mountain area, Rasnov 
depresion and Paraul Rece sky resort) [13] is presented in (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Influence of relief in road configuration and transport infrastructure involved with average speed. Ls = road length 
(sinuous), La = length in a straight line (ideal), Cs = coefficient of sinuosity due to high slopes, S = the average roade gradient along 
the road (Rasnov depression  Paraul Rece), Hairpins = curve radius less than 25m, average speed = 40km/h. 
3. Results and discussion 
Fig. 2 presents the values of the Competitive Potential Index (CPI) at county level. Compared to the 
country's average of 0.31, the distribution of values shows that: (1) An axis of counties with high values of 
the Competitive Potential Index crosses almost diagonally the country and nearly overlaps the most 
accomplished infrastructure network of Romania (in terms of European roads, national railways, 
airports); (2) An inlaid component of the index distribution overlaps the western, central and southern 
parts of the country. The Eastern part of the country is characterized by a homogeneous distribution of 
values, at low levels, though, a result of the poor performance to exploit the natural and human capital of 
the territory [14].  
The map is important because it allows an integrated comparative assessment at the county level and 
besides, it offers information regarding the functionality at regional scale. CPI was computed according 
to the formula:  
CPI = (I1 + I2 + I3)/3 
where: 
I1 - GDP/capita 
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I2 - Exports/employed population 
I3 - Technological development index 
 
The values that supported the development of the CPI map range between 0 and 1, where 1 represents 
the maximum potential. 
Technological development index was computed with the formula:  
I3 = (p4 * 4 + p3 * 3 + p2 * 2 + p1 * 1)/ 100 
 where: 
4  high technological exports (p4% percentage from total county exports) 
3  medium-high technological exports (p3% percentage from total county exports) 
2  medium-low technological exports (p2% percentage from total county exports) 
1  low technological exports (p1% percentage from total county exports) 
Classification of industries on four levels of technological intensity follows the EUROSTAT 
correlation between the Nomenclature of the Harmonized System (HS) and NACE [15]. 
At the same time, one can note high values of Competitive Potential Index (CPI) in the counties where 
accessibility is high due to the high density of roads and railways and to the presence of better 
transportation infrastructure. Timis, Arges, Cluj, Arad, Sibiu, Brasov, Prahova and Constanta are the 
counties that are part of the Pan-European Transport Corridor IV connecting Dresden and Nurenberg to 
Constanta (as a Black Sea port and intermodal transportation node).  In the last years, the transport 
infrastructure along the Pan-European Corridor IV has undergone significant changes. They consisted in 
the total rehabilitation of the main railways, number 8, connecting Bucharest to Constanta, and number 3, 
connecting Bucharest to Predeal, the building of new highways (Timisoara  Arad, Campia Turzii  
Gilau, Basarabi  Constanta) and the creation of new by-passes at Constanta, Sibiu, Pitesti, Timisoara, 
Arad, Ploiesti, Brasov, Lugoj, Cluj Napoca) (Fig 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The relationship between CPI and the modern transportation  infrastructure 
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In order to highlight the direct relationship between accessibility and the economic capitalization of a 
region we undertook a series of case studies for eight growth poles in Romania.  
Indeed, transportation is the driving force behind the economic development of a region. 
Consequently, accessibility is an essential component both for territorial dynamics and for defining the 
area of the regional or national growth poles. This issue should be treated carefully as it serves as a basis 
for the elaboration of the development strategies concerning the growth poles. The degree of development 
of transport infrastructure, its configuration and its ability to ensure a normal traffic are some of the 
essential elements that should be investigated in order to get a clear picture of the accessibility of a 
growth pole in Romania. It is known that when it comes to transport infrastructure Romania is doing 
poorly in terms of density, physical state and transport capacity. This happens because of the low foreign 
investments, especially in the outer Carpathian regions, and because Romania lacks a secure and rapid 
connection over the Carpathians with the countries of the European Union. In the last years, intense 
efforts have been made to accelerate the building of a highway along the Pan-European Corridor IV 
linking the northwestern part of Europe to the Black Sea coast and Asia Minor, crossing Romania 
longitudinally. The creation of such a rapid road connection would have a positive impact both on the 
investments and on the economic development at local and regional levels. At the same time, it would 
contribute to the creation of new economic axes, especially along the highway route, as it happened in 
Europe (for instance the TEN (Trans European Network) axes Torino  Milano  Piacenza  Parma  
Modena  Bologna, Brano  Praga, the Rhone axis in France etc.).  
Based on these arguments we anticipate a concentration and a longitudinal development between Arad 
and Timisoara with the entry into service of the Western Highway, but also between Bucharest and 
Ploiesti, as soon as the future A3 highway will come into existence.  
Our results are presented in Fig. 3 and Table 2. Lack of infrastructure (motorways, express roads) 
leaves a clear dispersion gap between accessible zones.  
Fig. 3. Accessibility in Romania 
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Table 2 - Spatial coverage of growth poles in Romania 
 
Growth  
Pole 
Coverage  
Area (CA) 
km2 
Numbers of 
Localities 
(NL) 
Population (P) Population 
Density (P/CA) 
hab./ km2 
Roads length 
(R) 
km 
Roads 
density 
(R/CA) 
km/km2 
Timisoara 6,627  218 826,904 125  1134  0.17 
Cluj Napoca 5,554  410 714,735 129 987  0.18 
Iasi 6,309  384 743,636 118 889  0.14 
Brasov 4,638  174 748,048 161 884  0.19 
Craiova 7,414  575 911,273 123 1361  0.18 
Constanta 4,109  110 643,424 157 867  0.21 
Bucuresti 11,314  649 2,972,600 263 2590  0.22 
Ploiesti 5,371  558 1,119,576 208 1471  0.27 
TOTAL 51,336  2959 8,536,658 160  10183  0.20 
 
The only exceptions are Bucharest - Ploiesti and Timisoara  Arad regions, where the areas of 
accessibility are interwoven. The spatial distribution of temporal polygons highlights that the completion 
of the A2 (Bucharest  Constanta) and A3 (Bucharest - Brasov) motorways will lead to increased 
accessibility potential, which will promote economic transactions and give rise to a higher polarization.  
Difficult topography in some regions could be an obstacle to the temporal dynamics of accessibility. 
However, the construction of high speed roads may overcome this disadvantage. For example, the 
distance of 110 km between the growth poles Ploiesti and Brasov through the hardly accessible Posada 
defile will be covered in about an hour, which will lead to the interpenetration of temporal zones of the 
two poles. Geo-temporal development of concentric zones (radial accessibility from a central pole to 
several external points) would lead to optimal solutions for accessibility. The spatial coverage of 
Bucharest is determined by the existing two highways A1 and A2 which yields an elongated shape in 
direction east-west. This area is best developed because some disparate and radial roads start from 
Bucharest to Giurgiu (DN 5), Oltenita (DN 4), Urziceni (DN 2), Ploiesti (DN 1), Targoviste (DN 7) or 
Alexandria (DN 6).  
The geographical landscape has no implications on the average speed rate of circulation and so on the 
coverage form. The spatial coverage of Brasov resembles a "star" because the main roads are located on 
the valley corridors DN 1, DN 73, DN 1 A and thus benefit from a high average speed rate. Secondary 
roads, of regional or tourist attraction, climb on the peak (Brasov - Poiana Brasov), lowering the average 
speed.  
The influence of space topology is well evidenced by road distribution and speed variation of traffic in 
the spatial coverage of Cluj Napoca. The analysis points to a big development of roads in the directions 
east, west and north (DN 1, DN 1C) due to highly suitable ways of communication relative to local 
geography (Podisul Somesului, Campia Transilvaniei). To south and southwest, accessibility diminishes 
because of mountains and narrow valleys with steep, high slopes. The elongated shape is also determined 
by the Plain Turda  Gilau of the new highway A3. 
Spatial coverage of growth poles in Romania are: 
 Total actual localities covered 2,959 km2 
 Total # of localities in all areas of coverage: 3,078 
 L  
 Total # of population covered 8,536,658 
 Population density 160 hab./ km2 
 Total roads length 10183 km 
 Average roads density 0.2 km/km2 
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From the economic point of view, the accessibility of a region is vital both for its connection to other 
regions and for the functional relationships within the respective territory (the easy movement of the labor 
force and the accessibility of product markets).  
These are the reasons that prompted us to accomplish a case study for Bucharest, the most important 
growth pole in Romania. We analyzed this area on a national scale, but we also made comparisons with 
similar growth poles lying in the vicinity of Romania: Budapest and Sofia.  
The buffer was established by taking into account the average distance that can be covered in one hour 
depending on the type of transport infrastructure, but leaving aside the exceptional situations or the rush 
hours. At first glance, one can note that the highways total about 110 km, the express and the national 
roads with four lanes about 70 km, while the local roads total only 50 km. In general, the accessibility 
buffer is controlled by topography, which demands a reduction of travel speed that shortens the distances 
that can be covered in one hour.  
In general, the accessibility buffer is controlled by topography, which demands a reduction of travel 
speed that shortens the distances that can be covered in one hour. Bucharest has no constraints in terms of 
topography, because it is situated in the plain (The Vlasia Plain), and therefore it offers good conditions 
for the development of transport infrastructure. However, there are a few local shortcomings introduced 
by the presence of the large common floodplain belonging to the Arges and Sabar rivers, which requires 
that the local roads be built especially in the same direction with respect to it (Fig. 4).   
The buffer of Bucharest City has a shape that tends to the ideal one (star shape). Within it, accessibility 
is uniform in all directions. The shape also highlights the alternation of the high rank roads with the local 
ones, which leads to a better capitalization of the geographical space. However, one can note a slight 
elongation from east to west, which highlights the necessity to create high rank transportation routes on 
the north  south axis (Ploiesti  Bucharest  Giurgiu), capable to compensate influence of the east  west 
corridor (highways A1 and A2). However, the express roads connecting Ploiesti, Bucharest and Giurgiu 
compensate to a great extent the lack of highways on these directions. Due to the flat topography (plain 
area), there are good conditions for the creation of transportation routes, which is an important strength 
for this development region. A better functionality and a higher accessibility could be accomplished in 
the future if, according to the buffer shape, the authorities would create a road connection to Videle, 
which will serve directly a number of settlements with high demographic potential (Bolintin, Gradinari, 
Domnesti) [16].  
The buffer of Sofia City is shaped by the three highways heading to south (A6 to Thessaloniki), 
southeast (A1 to Plovdiv) and northeast (A2 linking Pleven to Veliko Tarnavo). One can note that 
topography has restricted the development of transportation routes towards the south and north (Vitosa 
Mts.) (Fig .5). 
The massive investments in industry that have been made in the last 10 years in Budapest City and the 
foreign financial capital, especially Austrian, have generated a robust transport infrastructure, capable of 
coping with the economic demands. Budapest can boast with a good suburban transport due to the 
transportation routes that radiate from the capital. As far as the modern road infrastructure is concerned, 
which is responsib
national roads.  
The approximately star shape is given by the five express roads radiating from Budapest: M1 (the 
oldest) to the west, to the industrial center of Gyor, and farther to Wien and Bratislava; M3 to northeast, 
to Debrecen and farther to Romania or Ukraine; M5 to southeast, to Szeged and farther to Arad; M7 to 
southwest, to Balaton Lake and to Croatia, with a derivation to Slovenia; and M6 to the south, along the 
Danube, to Pecs and soon to Osijek in Croatia.  
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All these express roads are linked through a southern connection known as M0. At the same time, one 
can note the absence of an express road going to the north, because in that direction there is no important 
economic center, either Hungarian or Slovak.  
The main topographical constraints, which however have been overcome through improvements and 
geotechnical solutions, are represented both by the rolling terrain underlain by calcareous rocks 
developing west of Budapest and by the Danube River, which flows on a north-south direction (Fig. 6).  
 
 
 
 
 
 
 
 
Fig. 4. The buffer of Bucharest City Fig. 5. The buffer of Sofia City 
 
 
The three overlapping buffers corresponding to the three European capitals highlight both the 
development of transport infrastructure and its density. The covered areas are different both as a result of 
the investments made in infrastructure and as a consequence of the restrictive factors imposed by the 
natural conditions. The most densely populated and the largest accessible area is represented by the buffer 
of Budapest, followed by those of Bucharest and Sofia (Fig. 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
Spatial analyses may sometimes play an important part in judging the exchange relationships that exist 
within the high economic potential areas. At the same time, they allow us to identify potential 
Fig. 6. The buffer of Budapest City Fig. 7.  The overlapping of the three buffers 
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malfunctions, as well as the best solutions to overcome them through the improvement of transportation 
network.  
Acknowledgements 
This study is part of the project Strategy and Policy Studies developed by the European Institute of 
Romania.  
References 
[1] Richardson HW.  Monocentric versus polycentric models: the future of urban economics in regional science. Annals of Regional 
Science 1988; 22 (2)  
[2] Espon Romania. Potentials for polycentric development. 2005 
[3] Cojanu V, Botezatu E, Peleanu I. Formularea conceptelor operationale ale unei , WP 22, 
: ; 2009 
[4] Ministerul Afacerilor Europene. Planul national de dezvoltare. http://www.fonduri-ue.ro/pnd-2007-2013,173 
[5] Ministerul Afacerilor Europene. Cadrul strategic National de Refererinta. http://www.fonduri-ue.ro/csnr-172 
[6] Ministerul Afacerilor Europene. Programul national de reforma 2007-2010. http://www.dae.gov.ro/131/programul-national-de-
reforma 
[7] Ministerul Mediului si Dezvoltarii Durabile. Strategia nationala pentru dezvoltare durabila SNDD. http://strategia.ncsd.ro 
[8] Ministerul Transporturilor. Strategia nationala de transport. http://www.mt.ro/strategie/strategii%20sectoriale_acte% 
20normative/strategie%20dezvoltare%20durabila%20noua%20ultima%20forma.pdf 
[9] Autoritatea Nationala pentru Cercetare Stiintifica. Strategia nationala pentru Cercetare, Dezvoltare si Inovare http://www. 
mct.ro/img/files_up/1188314177strategia%20ro.pdf  
[10] Ministerul Dezvoltarii Regionale si Turismului. Conceptul Strategic al Dezvoltarii Teritoriale 
http://www.mdrl.ro/_documente/publicatii/2008/Brosura%20Conc_strat_dezv_teritoriala.pdf 
[11] Cojanu V, Pîslaru D -Stupariu I, Muraru-Ionel C, 
Studii de Strategie si Politici Spos 4. 2010. 
[12] -Stupariu I, Dobre R. An exploratory study of the regional context of competitive development in 
Romania. Transylvanian Review of Administrative Sciences 2011; 33: 67-89. 
[13] Dobre R, Mihai B, Savulescu I. The Geomorphotechnical Map: a highly detailed geomorphic map for railroad infrastructure 
improvement. A case study for the Prahova River Defile (Curvature Carpathians, Romania). Journal of Maps 2011; 1:126-137. 
[14] Cojanu V, Bâsan M, Unguru M. elor Agenda 
Lisabona. : Institutul European Român; 2006 
[15]  C. Implication of the global financial and economic crisis on the Romanian textile and clothes sector. Geneva: 
International Labor Office; 2009 
[16] Dobre R. Using GIS techniques to identify areas to consider when designing the Posada  Sinaia motorway sector so as to meet 
sustainable development requirements. Revista de Geomorfologie 2011; 13: 131-139.  
